Abstract: Fast and clean synthesis of mono, bis and tris diindolylmethanes from various aldehydes and indoles in the presence of an efficient reusable catalyst, nano-Fe 3 O 4 , in high yield and short reaction time is reported.
Introduction
It is well known that diindolylmethanes (DIMs) and related compounds exhibit a wide range of biological activities such as antibacterial and antitumor properties 1 . Diindolylmethanes are the most active cruciferous substances for promoting beneficial estrogen metabolism in women and men 2 . DIMs increase the body's natural metabolism of hormones and promote good estrogen (2-hydroxyestrogen) . This indole antioxidant is patented for alleviating syptoms of fibromyalgia 3 . Thus indol and its derivatives have been a topic for the preparation of research interest. Several synthetic methods for the preparation of DIMs have been reported by using catalysts such as lanthanide triflate 4 , FeCl 3 5 , HOAc
In continuation of our ongoing studies to synthesize of heterocyclic and pharmaceutical compounds at mild and practical protocols [25] [26] [27] , Herein, we wish to report our preliminary results on the preparation of nano-Fe 3 O 4 ( Figure 1 ) and their application as a green catalyst for the synthesis of mono, bis and tris diindolylmethanes, as shown in (Scheme 1). 
Experimental
Melting points were measured on an Electrothermal 9100 apparatus. IR spectra were determined on a Shimadzo IR-470 spectrometer. 1 H NMR and 13 C NMR spectra were recorded on a 500 MHz and 125MHz Bruker DRX-500 in CDCl 3 as solvent and TMS as internal standard. Chemicals were purchased from Merck and Fluka. Elemental analyses were done on a Carlo-Erba EA1110CNNO-S analyzer and agreed with the calculated values. All solvents used were dried and distilled according to standard procedures.
General procedure for the synthesis of 3a-w in the presence of nano-Fe 3 O 4
A mixture of aldehyde 1 (1mmol) (scheme 2, entries 3m-u, 0.5 mmol and scheme 3, entry 3v-w, 0.3mmol), indole derivatives 2 (2 mmol) and catalytic amount of nano-Fe 3 O 4 in H 2 O (10 mL) were stirred for the required reaction times (5-10min) at room temperature. The progress of the reaction was monitored by TLC (EtOAc: petroleum ether 1:4). After completion of the reaction, the mixture was filtered in the presence of an efficient magnetic bar. The crude product was recrystallized from ethanol to produce diindolylmethanes derivatives 3a-w as pure crystalline products in 90-98% yields. (di(1H-indol-3-yl) 
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1,4-bis((4-(bis(1-methyl-1H-indol-3-yl)methyl)phenoxy)methyl)benzene
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2,4,6-tris(4-(di(1H-indol-3-yl)methyl)phenoxy)-1,3,5-triazine
Results and discussion
Initially, the condensation reaction of 4-nitrobenzaldehyde and indole in the presence of Fe 3 O 4 and nano-Fe 3 O 4 was done and the results were listed in Table 1 .
Scheme 1
As depicted, nano-Fe 3 O 4 proved to be better catalyst than Fe 3 O 4 for the synthesis of diindolylmethanes. With the best catalyst in hand, we moved to study the effects of catalyst amount on the model reaction and the results were listed in (Table 1) . 50mg of nano-Fe 3 O 4 is sufficient to push the reaction forward completion and 10mg and 30mg of catalyst was not enough. Higher amount of catalyst did not lead to significant change in the reaction yields. With the best quantity of nano-Fe 3 O 4 in hand, we were interested to synthesis several diindolylmethanes at room temperature with this catalyst. The results are summarized in Table 2 . Interestingly, this reaction due to their reduced pollution, low cost, simplicity in process and handling using nano-Fe 3 O 4 as catalyst, also afforded an efficient protocol for the synthesis of bis diindolylmethanes (Figure 1 , Entry 3m-u) and tris diindolylmethanes (Figure 2 , Entry 3v-u) as novel arylmethanes in high yields and short reaction time. The results are summarized in Table 3 . Apart from the mild condition of the process and its excellent results, the simplicity of product isolation, replacement of carcinogenic solvent with H 2 O and the possibility to recycle nano-Fe 3 O 4 offer a significant advantage. After the reaction was completed, the catalyst could be easily attracted by an efficient magnetic bar. After further treatments including washing with CHCl 3 and activation at 80
• C, the recycled catalyst has been examined in next run. Studies on the synthesis of 3a as model substrate showed that the recovered catalyst could be successively recycled in subsequent reactions without any decrease of yields (Figure 4) . We propose a possible mechanism for the nano-Fe 3 O 4 catalyzed synthesis of diindolylmethanes (3) (Scheme 2). We suggest that, nano-Fe 3 O 4 catalyze the formation of iminium ion (4) in a reversible reaction with the aldehyde. The higher reactivity of the iminium ion compared to the carbonyl species could facilitate nucleophilic attack of indole to aldehyde (1), via intermediate (5) and after the treatment of second molecules of indole and the elimination of nano-Fe 3 O 4 , (3) might be produced.
Scheme 2
The selectivity of the present methods is also demonstrated by competitive reactions of indol with arylaldehydes with electron donating and electron withdrawing substitutents. For example, when a 1:1 mixture of 4-methoxybenzaldehyde and 4-nitrobenzaldehyde was allowed to react with two equivalents of indole in the presence of nano-Fe 3 O 4 under modified conditions, it was found that the arylaldehydes bearing withdrawing substituents was chemo selectively converted to the corresponding bis(indolyl)methane but the aryl aldehydes with donating group was converted slightly (Scheme 3).
Scheme 3
All of compounds summarized in (Table 2 and Figure 1 and 2) were characterized by spectroscopic methods (IR, 1 HNMR and 13 CNMR) and elemental analysis.
Conclusion
Finally, we develop an efficient and convenient procedure for the synthesis of diindolylmethanes through electrophilic reaction of indoles and aldehydes over nano-Fe 3 O 4 catalyst. This procedure offer advantages such as reduced reaction time, mild reaction condition, productivity and higher yield, ease of execution and economic viability of the catalyst. This simple process combined with easy of recovery and reuse of catalyst make this procedure economic, begin and a waste free chemical process for the synthesis of diindolylmethanes.
